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Overview
Introduction to Nocibur

- Rubicon backwards: Inverse Inverse Free Electron Laser mechanism

Motivation

- Using strong undulator tapering for high extraction efficiency

The experiment

- The set-up, the results

Future plans

- re-circulated Nocibur: measure some gain

Conclusion



The Nocibur Inverse Inverse Free Electron Laser

The IIFEL
From IFEL to IIFEL

- Resonant energy exchange between a laser and electron beam inside of a tapered undulator:

                              gradient   phase synchronicity

- choose design “resonant” phase and energy to satisfy above equation

- r < 0  accelerating    r > 0  deceleratingψ → ψ →    

- Rubicon IFEL: Helical halbach undulator – CO2 laser seed – BNL ATF

- 52 MeV  92 MeV →
- Nocibur: reverse Rubicon IFEL and re-tune

- 65 MeV  35 MeV→
- IIFEL vs. FEL

- Post saturation regime: bunched beam, re-focused large seed, strong tapering for optimized 

energy extraction, stimulated emission: (Eseed + Egain)²-(Eseed)² = 2Eseed*Egain +(Egain)²
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The Nocibur Inverse Inverse Free Electron Laser

The IIFEL Why?
- FEL efficiency:

proportional to ρ < 0.5%

- Tapering: extend FEL past

saturation, increase 

efficiency

- ELF experiment: GHz

frequencies – waveguide

~ 30% efficiency 

- PALADIN: no waveguide

optical wavelengths

- XFEL: tapering for TW level

- TESSA

- Potential compact EUV radiation

source 

- Nocibur: Low gain regime of

TESSA scheme. Demonstrate

high extraction efficiency

in “optical regime”



The experiment
IFEL Tapering

- 

E-Beam energy 65 →  35 MeV

emittance 2 mm-mrad

σxy (waist) 100 μm

Laser Wavelength 10.3 μm

Rayleigh Range 0.3 m

Laser Waist 1 mm

Laser Power 200 GW

 E-beam current  100 A

 E-beam charge  100 pC

 λw buncher  0.05 m (1 period)

 Chicane: R56   21 → 59 μm

 period tapering  0.06 - 0.04 m

 K tapering  2.01 - 1.19

- Laser focused by 4.5 m NaCl lens

- e-beam focused by quadrupole doublet

- Laser e-beam timing: Ge switch

- fine timing: scan delay stage

- optimize injection phase: scan pre-

buncher R56

- measure e-beam spectrum on 

phosphor screen 
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Pre Buncher- Single period, planar, halbach undulator

 - Permanent magnet, variable gap chicane

- Laser imparts sinusoidal energy modulation

- Chicane dispersion converts to density 

modulation

- Chicane delay allows for control of injection 

phase

Modulator Chicane



The experiment
Some results
- 45% of particles decelerated from 65  35 MeV→
- 30% conversion efficiency

- good agreement with GPT simulations

- couldn't measure radiation growth

hindered by large seed – broke a pyro camera trying

- Genesis simulations show expected radiation

growth for electron beam energy loss 
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Potential future projects at ATF

rNocibur (cavity gain)

Measure gain from high efficiency Nocibur interaction via recirculation scheme 
Increase efficiency with double buncher (90% decelerated – 40% efficiency)



Conclusions
- Demonstrated 30% extraction 

efficiency in a laser driven strongly 

tapered undulator interaction: Low 

gain regime of TESSA mechanism

- High gain regime: requires a longer 

undulator and a brighter beam.

- Could potentially measure 

accumulated gain in recirculation 

scheme

Trials & 
tribulations
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